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Traditionally, most Chinese herbal medicines undergo elaborate processing in
order to become ingredients that are prescribed or utilized in the manufacturing of
TCM proprietary drugs [1,2]. Although the practice of processing has a long
history, the underlying mechanisms largely remain unclear.
Through the characterization of chemical profiles coupled with NMR
metabolomics approach, the chemical changes resulting from the traditional
processing protocol associated with RAM preparation were investigated. Five new
chemical adducts, which were formed during processing RAM with wheat bran,
were isolated and their structures were identified.
The findings of this study may provide useful information for developing
processing protocols and quality control standards for the processed RAM
products.
Introduction
Thermally processed rhizomes of Atractylodes macrocephala (RAM)
have a long history of use in Traditional Chinese medicine (TCM) for treating
various disorders, and have been an integral part of various traditional drugs
and healthcare products. In TCM, herbal medicines are, in most cases,
uniquely processed. Although it is thought that processing can alter the
properties and functions of herbal medicines so as to achieve desired
properties, increase potency, and/or reduce side effects, the underlying
chemical changes remain unclear for most thermally processed Chinese herbal
medicines. In an attempt to shed some light on the scientific rationale behind
the processes involved in traditional medicine, the RAM processed by stir-
frying with wheat bran was investigated for the change of chemical
composition. As a result, for the first time, five new chemical entities, along
with ten known compounds, were isolated. Their chemical structures were
determined by spectroscopic and spectrometric analyses. The possible
synthetic pathway for the generation of such thermally-induced chemical
entities was also proposed.
Results
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The rhizomes of A. macrocephala were purchased from the Harbin
Medicine Group Shiyitang Chinese Herbal Medicine Pharmaceutical Co.
Following the processing protocol in the Chinese Pharmacopeia, the rhizomes
were cut into slices and air-dried to reach a constant weight. The wheat bran
was first stir-fried in a cauldron with a temperature around 170 °C until smoke
appeared. The rhizome slices were then added into the cauldron with a ratio of
the rhizome to wheat bran of 1:4 (w/w), the mixture was stir-fried
approximately 26 mins until the slices turned to a yellow-brown color.
NMR combined with chemometric analysis was applied for revealing the
change of chemical composition. NMR, TLC, flash chromatography were
applied to identify, monitor, and isolate the components that showed
significant changes during the processing.
Fig. 2. Structures of compounds 1 – 15 isolated from the
processed rhizomes of A. macrocephala.
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Table 1. 1H (500 MHz) and 13C (125 MHz) NMR data of
compounds 1 - 5 (recorded in CDCl3, ppm)
Fig. 3. Proposed mechanism for the generation of compounds 1 – 5.
A C E
B D F
Fig. 1-A:Plant of Atractylodes macrocephala; B: Raw rhizomes of A. macrocephala (RAM); C：Processed
RAM by stir-fried with earth; D: Processed RAM by stir-bake to brown; E: Processed RAM by stir-fried with
wheat bran; F : Processed RAM by stir-fried.
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42.0 (t) 1.47, 
1.66  
(m, 4H) 
41.9 (t) 1.48, 
1.65  
(m, 4H) 











23.6 (t) 1.56, 
1.63 
(m, 4H) 
23.6 (t) 1.55, 
1.64 
(m, 4H) 
23.6 (t) 1.53, 
1.63 
(m, 4H) 











37.4 (t) 2.02, 
2.37 
(m, 4H)  
37.3 (t) 2.02, 
2.38 
(m, 4H)  
37.3 (t) 2.02, 
2.38 

















































21.1 (t) 2.25, 
2.32 (m, 
4H) 
21.1 (t) 2.27, 
2.34 
(m, 4H) 
21.1 (t) 2.25, 
2.32  
(m, 4H) 










































39.2 (t) 2.42 
(m, 4H) 
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